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(54) Title: METHOD AND APPARATUS FOR PRODUCING COMBUSTIBLE FLUID 




(57) Abstract: This invention relates to a method and apparatus for producing 
combustible fluid at an efficiency rate of above 65%. The apparatus (10) com- 
prises an electrolysing cell (12) for electrolysing the aqueous electrolytic solution 
and a pulsed current to the electrolysing cell (12). The electrolysing cell (12) 
includes a first electrode (16) and a second electrode (18) spaced from the first 
electrode (16) and a plurality of intermediate electrically floating electrodes (20) 
disposed between the first and second electrodes (16) and (18) respectively. The 
pulsing means pulses the current to the electrolysing cell (12) at a frequency of 
0.75 Hz and at a duty cycle 28%. 
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METHOD AND APPARATUS FOR PRODUCING COMBUSTIBLE FLUID 

INTRODUCTION AND BACKGROUND TO THE INVENTION 

5 This invention relates to a method and apparatus for producing combustible 
fluid. More particularly this invention relates to a method and apparatus for 
producing hydrogen and oxygen through the electrolysis of an aqueous 
electrolytic solution. 

10 In this specification, the term "combustible fluid" includes within its scope 
combustible gas containing predominantly hydrogen and oxygen. 

Numerous apparatus for producing combustible fluid from aqueous electrolytic 
solutions are known. A common disadvantage of the know apparatus is that the 
15 ratio between power consumed and combustible fluid produced is unfavourable, 
so that their efficiency are relative low, i.e. the energy produced is less than 65% 
of the energy consumed in the process. 

OBJECT OF THE INVENTION 

20 It is accordingly an object of the present invention to provide an aitemate 
method and apparatus for the production of combustible fluid overcoming the 
above disadvantage by producing combustible fluid at relatively higher efficiency 
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rates, i.e. the energy produced is substantially more than 65% of the energy 
consumed in the process. 

SUMMARY OF THE INVENTION 

5 According to a first aspect of the invention there is provided apparatus for the 
production of combustible fluid from an aqueous electrolytic solution comprising: 
an electrolysing cell for electrolysing an aqueous electrolytic solution, the 
electrolysing cell including a first electrode; and a second electrode 
spaced from the first electrode; and 
10 - a pulsing means for pulsing a cun'ent to the electrolysing cell and having 
a duty cycle of less than 50%. 

The pulsing means may pulse the cun-ent at a duty cycle of between 20% and 
40%. preferably 28%. 

15 

The pulsing means may include a power supply; a chopper circuit; a capacitor; 
an inductor; and a diode. 

The pulsed current may be pulsed at a frequency of between 0.65 Hz and 0.85 
20 Hz, preferably 0.75 Hz. 
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The capacitor may have a capacitance of between 200 mF and 350 mF, 
preferably 272 mF. 

The inductor may have an inductance of between 3 mH and 7 mH, preferably 5 
5 mH. 

The power supply may supply a DC voltage of 12 V. 

The electrolytic solution may be in the fomi of a sodium hydroxide solution in 
10 water. 

The first electrode may be an outer electrode, with the second electrode being 
an inner electrode disposed within the outer electrode. 

15 The pulsing means may be connected to the first and second electrodes. 

A plurality of intermediate floating electrodes may be disposed between the first 
and second electrodes, the intenmediate electrodes not being connected directly 
to the pulsing means. 

20 

The electrodes may be interposed between two insulators. 
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A passage may be provided in the form of a plurality of annular channels for the 
electrolytic solution defined between the first or outer electrode, the intemiediate 
electrodes, and the second or inner electrode. 

5 The electrodes may be tubular and may be an-anged concentrically with each 
other. 

According to a second aspect of the invention there is provided a method for the 
production of combustible fluid from an aqueous electrolytic solution including 
10 the steps of: 

providing an aqueous electrolytic solution; 

disposing the solution in an electrolysing cell between two spaced 
electrodes; 

applying a pulsed current to the electrolysing cell, the current having a 
1 5 duty cycle of less that 50%; and 

electrolysing the electrolytic solution. 

The pulsed cun-ent may have a duty cycle of between 20% and 40%, preferably 
28%. 

20 
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The step of applying a pulsed current to the electrolysing cell may include the 
further step of pulsing the cun'ent at a frequency of between 0.65 Hz and 0.85 
Hz, preferably 0.75 Hz. 

5 The step of disposing the solution in an electrolysing cell may include the further 
step of disposing the electrolytic solution between a first outer electrode, a 
second inner electrode disposed within the outer electrode, and a plurality of 
intenmediate floating electrodes disposed between the first and second 
electrodes. 

10 

BRIEF DESCRIPTION OF THE DRAWINGS 

The invention will now be described further by way of a non-limiting example 
with reference to the accompanying drawings wherein: 

15 figure 1 is a schematic representation of an apparatus 10 according to a 
prefenred embodiment of the invention for the production of 
combustible fluid from an aqueous electrolytic solution, the 
apparatus including an electrolysing cell 12 and a pulsing means 
14; 



20 

figure 2 



is a longitudinal-sectional side view of the electrolysing cell 12 
shown schematically in figure 1 ; 
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figure 3 is a cross-sectional view of electrodes 16. 18 and 20 along lines A- 
A in figure 2 of the electrolysing cell 12; 

5 figure 4 is a cross-sectional view of an upper insulator 22 along lines B-B in 
figure 2 of the electrolysing cell 12; 

figure 5 is a cross-sectional view of a lower insulator 24 along lines C-C in 
figure 2 of the electrolysing cell 12; 

10 

figure 6 is a circuit diagram of the pulsing means 14 shown schematically 
in figure 1; and 

figure? is a graph depicting current and voltage wavefomis over two 
15 periods as measured across the electrolysing cell. 



DESCRIPTION OF A PREFERRED EMBODIMENT OF THE INVENTION 

Refem'ng to figure 1, an apparatus according to a prefen^ed embodiment of the 
invention for producing combustible fluid from an aqueous electrolytic solution is 
20 generally designated by reference numeral 1 0. 
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The apparatus 10 comprises an electrolysing cell 12 for electrolysing the 
aqueous electrolytic solution and a pulsing means 14 for providing a pulsed 
cun*ent to the electrolysing cell 12. 

5 Refening further to figures 2 to 5. the electrolysing cell 12 includes a first 
electrode 16 and a second electrode 18 spaced from the first electrode 16. The 
first electrode 16 is an outer electrode providing a housing for the electrolytic 
solution, with the second electrode 18 being an inner electrode disposed within 
the outer electrode 16. A plurality of intermediate electrically floating electrodes 
10 20 are disposed between the first and second electrodes 16 and 18 respectively. 

The electrodes 16, 18 and 20 are tubular and are arranged concentrically with 
each other as shown in detail in figure 3. The electrodes 16, 18 and 20 are 
further an^nged between two insulators namely an upper insulator 22 and a 
15 lower insulator 24. 

The upper insulator 22, shown In detail in figure 4, is in the fomn of a cross- 
shaped body of a dielectric material such as glass or Perspex. The upper 
insulator 22 defines a plurality of grooves 26 in which the upper ends of the 
20 electrodes 16 and 20 are located. The grooves 26 retain the electrodes 16 and 
20 in position and a distance of 7,5 mm apart. 
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The inner electrode 18 does not extend to the upper insulator 22. The Inner 
electrode 18 is shorter than the outer electrode 16 and the intermediate floating 
electrodes 20 and serves as an overflow for the electrolytic solution contained 
within the electrolytic cell 12. 

5 

The lower insulator 24 Is in the form of a circular disc of a similar dielectric 
material and is shown in detail in figure 5. The lower insulator 24 defines a 
plurality of concentrically arranged circular grooves 28 in which the lower ends 
of the electrodes 16 and 20 are retained. The lower insulator 24 further defines 
10 an opening 30 through its centre. The inner electrode 18 extends through the 
opening 30, the arrangement being such that the electrolytic solution, which 
overflows into the inner electrode 18. is passed out of the electrolysing cell 12 
via the opening 30. 

15 The electrolysing ceil 12 is further provided with a combustible fluid outlet 32 
towards the top of the electrolysing cell 12. The combustible gas produced by 
the apparatus 10, in use, escapes from the electrolysing cell 12 via the outlet 32 
and is used as a source of energy in any number of applications, such as for 
generating heat or electricity, or for running an internal combustion engine of a 

20 vehicle. 
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Referring now to figure 6. the pulsing means 14 includes a power supply Vs1; a 
chopper circuit 15; a capacitor CI; an inductor LI; and a diode D3. The 
capacitor CI has a capacitance of 272 mF and the inductor LI has . an 
Inductance of 5 mH, The power supply Vs1 supplies a dc voltage of 12 V. This 

5 voltage is fed to capacitor C1. passed through the inductor L1 and fed to the 
IGBT (Insulated Gate Bipolar Transistor) of the chopper circuit 15. The chopper 
circuit 15 pulses the cunrent and voltage at a frequency of 0.75 Hz and a duty 
cycle of 28%. The pulsed current and voltage passes through the diode D3 to 
the electrolysing cell 12. The pulsing means 14 is connected to the outer and the 

10 inner electrodes 16 and 18 respectively, and not to the intermediate floating 
electrodes 20. The current across to the electrolysing cell 12 consists of an "on- 
time" of approximately 0.4 s and an "off-time" of 0.93 s. thus having a period of 
1.33 s. During the "on-time", the voltage across the electrolysing cell 12 is 
approximately 9 V and during the "off-time" the voltage drops to approximately 

15 3V. A graph depicting the cun-ent and voltage wavefonms across the 
electrolysing cell 12 is shown in figure 7. 

The electrolytic solution is in the fonn of a 3% sodium hydroxide solution in 
water on a mass per mass basis. The sodium hydroxide is 99% pure. However, 
20 there are numerous other electrolytic solutions known in the art that would also 
suffice. 
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In use, the electrolysing cell 12 is filled with the electrolytic solution until the level 
of the solution reaches the upper end of the inner electrode 18 and starts to 
overflow. The pulsing nfieans 14 is switched on, so that a pulsed current is 
provided to the electrolysing cell 12. The chopper circuit 15 continuously 
5 switches the current on and off at a frequency of 75 Hz and at a duty cycle of 
28%. Electrolysis takes place in the electrolysing cell 12 and the gas produced 
by this process escapes from the cell 12 via the outlet 32. 

During operation of the apparatus 10, the electrolysing cell 12 acts as a 
10 capacitor, thus the voltage across the electrolysing ceil 12 does not change 
rapidly to zero during the ''off-time", but rather drops gradually to approximately 
3 V. The electrolysing cell 12 therefore continues to produce gas even when it 
has no Input current. 

15 The inductor LI smoothes the flow of current through the circuit and prevents or 
restricts any rapid cunrent changes to the electrolysing cell 12. The capacitor CI 
is a filter to ensure that there are no voltage spikes from the supply Vsl during 
the switching operation of the chopper circuit 15. The diode D3 ensures that the 
voltage from the electrolysing cell 12 is not drained during the "off-time" of the 

20 chopper circuit 1 5. 
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From time to time the level of the electrolytic solution in the electrolysing cell 12 
Is topped up. 

5 EXAMPLE 

An experiment to measure the time-averaged power dissipated by the 
electrolysing cell 12 during electrolysing of the electrolytic solution was 
conducted as is described above. 

10 RESULTS 

The voltage and cun-ent across the electrolysing cell 12 was measured and the 
instantaneous power as a function of time was calculated by multiplying the 
voltage and current over one period. The time averaged power was calculated 
as the average of the instantaneous power over one period. The time was also 
15 measured to produce 500 ml of combustible gas. 

The following results were obtained: 



20 
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Time-averaged power dissipated by electrolysing cell 


13.98W 


Time to generate 500 ml combustible fluid 


206 s 


Gas production 


0.148 l/kWmin 


Efficiency 


96% 



The efficiency was calculated by dividing the gas production (l/kWmin) by 
10.999 l/kWmin. 10.999 l/kWmin is a reference value used at 1750 m above sea 
level. Therefore should the gas production at 1750 m above sea level be 10.999 
5 l/kWmin, the efficiency would be 100%. 



The applicant has found that the apparatus 10 performs far more superior than 
the prior art since it utilises relatively low voltage and cun-ent and is relatively 
much more efficient in the production of combustible fluid than any of the prior 
10 art apparatus hitherto known to the public. The apparatus 10 is further more 
compact and relatively easy to operate compared to the prior art. 



It will be appreciated that variations in detail are possible with a method and 
apparatus for producing combustible fluid according to the invention without 
15 departing from the scope of the appended claims. 
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CLAIMS 



1. Apparatus for the production of combustible fluid from an aqueous 
electrolytic solution comprising: 

5 - an electrolysing cell for electrolysing an aqueous electrolytic 

solution, the electrolysing cell including a first electrode; and a 
second electrode spaced from the first electrode; and 
- a pulsing means for pulsing a current to the electrolysing cell and 
having a duty cycle of less than 50%. 

10 

2. Apparatus according to claim 1 wherein the pulsing means pulses the 
cunrent at a duty cycle of between 20% and 40%. 

3. Apparatus according to daim 2 wherein the pulsing means pulses the 
1 5 current at a duty cycle of 28%. 

4. Apparatus according to any one of the preceding claims wherein the 
current is pulsed at a frequency of between 0.65 Hz and 0.85 Hz. 

20 5. Apparatus according to claim 4 wherein the current is pulsed at a 
frequency of 0.75 Hz. 
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6. Apparatus according to any one of the preceding claims wherein the 
pulsing means includes a power supply: a chopper circuit; a capacitor; an 
inductor and a diode. 



5 7. Apparatus according to claim 6 wherein the capacitor has a capacitance 
of between 200 mF and 350 mF. 

8. Apparatus according to claim 7 wherein the capacitor has a capacitance 
0f272mR 

10 

9. Apparatus according to any one of claims 6 to 8 wherein the inductor has 
an inductance of between 3 mH and 7 mH. 



10. Apparatus according to claim 9 wherein the inductor has an inductance of 
15 5mH. 



11. Apparatus according to any one of claims 6 to 10 wherein the power 
supply supplies a DC voltage of 12 V. 

20 12. Apparatus according to any one of the preceding claims wherein the 
electrolytic solution is in the form of a sodium hydroxide solution in water. 
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13. Apparatus according to any one of the preceding claims wherein the first 
electrode is an outer electrode, with the second electrode being an inner 
electrode disposed within the outer electrode. 



5 14. Apparatus according to any one of the preceding claims wherein a 
plurality of intennediate floating electrodes are disposed between the first 
and second electrodes. 



15. Apparatus according to any one of the preceding claims wherein the 
10 pulsing means is connected to the first and second electrodes. 

16. Apparatus according to any one of the preceding claims wherein the 
electrodes are interposed between two insulators. 

15 17. Apparatus according to claim 14 wherein a passage is provided in the 
form of a plurality of annular channels for the electrolytic solution and 
which is defined between the first or outer electrode, the intermediate 
floating electrodes and the second or inner electrode. 



20 18. 



Apparatus according to claim 17 wherein the electrodes are tubular and 
are arranged concentrically with each other. 
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19. A method for the production of combustible fluid from an aqueous 
electrolytic solution including the steps of: 

- providing an aqueous electrolytic solution 

5 - disposing the solution in an electrolysing cell between two spaced 

electrodes; 

- applying a pulsed cun^ent to the electrolysing cell, the current 
having a duty cycle of less that 50%; and 

- electrolysing the electrolytic solution. 

10 

20. A method according to claim 19 wherein the pulsed current has a duty 
cyde of between 20% and 40%. 



21. A method according to daim 20 wherein the pulsed current has a duty 
15 cycle of 28%. 

22. A method according to claim 19 wherein the step of applying a pulsed 
current to the electrolysing cell includes the step of pulsing the current at 
a frequency of between 0.65 Hz and 0.85 Hz. 



20 
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23. A method according to claim 22 wherein the step of applying a pulsed 
cun^ent to the electrolysing cell includes the step of pulsing the current at 
a frequency of 0.75 Hz, 

5 24. A method according to any one of claims 19 to 23 wherein the step of 
disposing the solution in the electrolysing cell includes the further step of 
disposing the solution between a first outer electrode, a second inner 
electrode disposed within the outer electrode, and a plurality of 
intermediate floating electrodes disposed between the first and second 
10 electrodes. 

25. Apparatus substantially as herein described and as illustrated in the 
accompanying drawings. 

15 26. A method for the production of combustible fluid from an electrolytic 
solution substantially as herein described with reference to the 
accompanying drawings. 
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FIGURE 1 
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FIGURE 2 




FIGURE ^(SECTION B-B) 
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FIGURE SfSECTiON C-C) 
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